Introduction
The American Statistical Association's Undergraduate Guidelines Workgroup in the Curriculum Guidelines for Undergraduate Programs in Statistical Science emphasize the importance of study design as an essential skill needed for undergraduate programs in statistics (ASA 2014) . Communication skills are also stressed along with teamwork and collaboration as essential elements for statistical practice. In addition, the Guidelines for Assessment and Instruction in Statistics Education (GAISE) College Report notes the importance of concepts like bias and causal inference in study design (ASA 2016) . To achieve these goals, the GAISE College Report includes several recommendations, one of which reiterates the importance of fostering active learning through discussions (p. 18-20) .
This article describes an activity that is appropriate for students in introductory and intermediate statistics courses to practice interpreting research results and scrutinizing the design and analysis of studies. The activity includes a component of group work to improve students' communication and collaboration skills.
Traditional textbooks used in the introductory statistics curriculum stress the importance of survey de- Statistics, (Diez, Barr & Ç etinkaya Rundel 2015) ) follow a similar approach.
How can textbook readings be reinforced in a class? We describe an activity to help students explore aspects of design, assess research findings in published papers, and critique representations and interpretations of original research.
The Activity

Study of Studies
"Study of Studies" is a column regularly published by the The Atlantic magazine. Each "Study of Studies" analyzes a different topic using published research articles, with full citations provided at the end. Table 1 lists the name, author, and date for the all the past published "Studies."
For this activity, we utilized one of the "Study of Studies" articles titled "Diner Beware: How restaurants trick you into eating less and spending more" (http://www.theatlantic.com/magazine/archive/2015/04/ (Lam 2015 
Implementation
The students were provided with copies of the one-page "Diner Beware" column, which was read aloud by the class. Next, they were split into groups of two to four students and each was provided a copy of one of the twelve research articles cited in "Diner Beware." The research articles ranged in length from 4 to 28 pages, with an average of 10 pages.
The students were asked to skim the research article and as a group, summarize the original research study design (i.e., describe the study's sample design, determine if the study was randomized or observational). They were asked to assess the validity of the claims presented in the "Diner Beware" regarding their research article.
Students a brief set of slides summarizing their original article using RMarkdown (Baumer, Ç etinkaya Rundel, Bray, Loi & Horton 2014). The RMarkdown slides were then shared with the class via RPubs, a platform for web publishing from RStudio (the slides could be submitted in other ways e.g. by emailing the instructor). Lastly, students were given 5-10 minutes to present their findings. The student presentations were intended to improve communication skills as well as allow students to gain experience with technological innovations like RPubs.
An example of this process can be presented with the research article titled "Odors and consumer behavior in a restaurant" (Guéguen & Petr 2006) . Guéguen and Petr's work analyzed the effect of lemon and lavender scents on the duration of time and the amount of money spent by customers in a restaurant. They carried their study from 8 pm to 11 pm on three Saturdays in May with 88 patrons and hypothesized that lavender is considered a relaxing odor while lemon is a stimulating odor. Another example is presented by the research article titled "The Impact of Restaurant Table Characteristics Lam summarizes Guéguen and Petr's research article with only the following: "particular scents also have an effect: diners who got a whiff of lavender stayed longer and spent more than those who smelled lemon, or no scent" (Lam 2015) . Similarly Lam provides a terse summary for Kimes and Robson's article stating that "Diners at banquettes stayed the longest...Diners at bad tables-next to the kitchen door, sayspent nearly as much as others but soon fled." The students were asked to reconcile these statements with the conclusions presented in the original research articles.
Results
The activity was conducted with Introductory and Intermediate statistics students at Amherst College in In summary, students correctly identified basic conceptual elements in the original studies' designs.
These elements include sample size, the research question, conclusion, and the classification of the study as observational or randomized. Many students were skeptical of the brief claims about the original studies given in the "Study of Studies."
For example, student work correctly identified Guéguen and Petr's sample size of patrons from a small pizzeria in Brittany, France. The students also describe how "lavender, but not lemon, increased the length of stay of customers and the amount of purchasing," which indicates that the students' picked up on Guéguen and Petr's hypothesis and research conclusions.
The students criticized the way the conclusions were portrayed in the "Diner Beware" article; the students identify how the "Diner Beware" summary does not account for the possibility of "cultural bias/ geographical bias." Geographical bias stems from the fact that the study was only conducted in a small town in France and so the conclusions regarding scent and customer spending behavior may not generalize well to people of non-French heritage or individuals from urban areas.
In their article, Guéguen and Petr acknowledge that a small sample size and the use of only one restaurant are limitations of their study; students picked up on these caveats. Student also recognized how "limiting the study to three Saturdays in May between 8pm-11pm further creates sampling bias (targets a specific population)." Daytime and weekday visitors are evidently not represented. Moreover since there was no replication, it is highly possible that another factor may have confounded the results.
Student analysis of Kimes and Robson's article also revealed comprehension of the research's design.
In their analysis, the students correctly identify the sample size of 1,413 and the single-blinded nature of the study, since in students' words, "the participants did not know the true nature of the experiment." The students expressed skepticism regarding the causal statements made in Lam's article regarding Kimes and Robson's study, considering the observational nature of the study and the fact that Kimes and Robson "excluded some information, like the bar and patio seating" and that they "only took data from busy times."
Kimes and Robson's limitations stem from the fact that they only used one restaurant to draw conclusions, a shortcoming that relates to the limitation students picked up in regards to the limited focus of the study (i.e., inattention paid to less busy hours). Another student group summarized the limitation of Lam's synthesis as the inability to generalize the original research's findings since the "conclusion for this specific restaurant may not apply to all restaurants." Students' propensity for critique allows for challenging conventions which produces a skepticism and curiosity driven outlook. This outlook though may need to challenged or reconsidered since student skepticism may be excessive.
Discussion
We described an activity that linked summaries of research studies with published scientific papers. In general, students accurately reported the original research's study design, in particular, the study's sample size, whether it was observational or experimental, and the general hypothesis as well as the overarching conclusions. Students were often critical of the extremely terse representations of the original research by Lam's "Diner Beware" article in The Atlantic's "Study of Studies" column. This is not surprising given that the goal of the "Study of Studies" is to introduce provocative or idiosyncratic research findings and not to comprehensively review or assess them.
Time-permitting, the instructor might spend some time debunking misplaced criticism, ensuring that the students have a thorough understanding of the original research, can acknowledge credible published findings, and not develop "knee-jerk" skepticism.
Overall, this activity was successfully implemented. It raised awareness about study design as well as secondary representations of original research. The activity can be undertaken with introductory and intermediate statistics students in a single class period and may help improve communication skills by fostering discussion about experimental design. We recommend that the study be undertaken after one or more lectures in study design. Conducting the study after few lectures would provide an informal student assessment and in the process, help reinforce previously-learned study design concepts.
We believe numerous other articles published in the "Study of Studies" column could be utilized in the same way as the "Diner Beware" article. Depending on student interest, other suitable articles include "Gullible Brains: How our senses influence our thoughts," "CEOs Behaving Badly: What a chief executive's golf game and handwriting say about his compensationand his leadership," "Status Anxiety: What the logos you're wearing really say," and "The Science of Beer Goggles: Alcohol makes people impulsive, vain, and uncharitableand it just might help them maintain committed relationships" (see Table 1 for a comprehensive list of candidate articles).
